ABSTRACT
72
Our goal in this study was to assess the impact of M2 channel expression on the leaf proteome
73
of Nicotiana benthamiana infiltrated with the bacterial gene vector Agrobacterium tumefaciens.
74
M2 forms tetrameric transmembrane channels for proton extrusion in the cytosol of infected 
RESULTS AND DISCUSSION

103
Agroinfiltration Alters the Leaf Proteome of N. benthamiana
104
Total soluble proteins and total numbers of up-and downregulated proteins in whole-cell samples
105
were first determined to get a general overview of proteome alterations in leaves infiltrated either
106
with agrobacteria harboring an M2 channel-encoding vector, or with agrobacteria harboring an
107
'empty' version of the same vector (EV), to measure the effects of bacterial infiltration and M2
108
expression on leaf protein content at the cell-wide scale (Fig. 1) 
115
fresh weight, statistically similar to non-infiltrated leaves (LSD; P>0.05) (Fig. 1A) . Rubisco subunit
116
band intensities were also comparable in M2 vector-infiltrated and non-infiltrated leaves, two to 117 three times more intense than the corresponding bands in EV-infiltrated leaves (Fig. 1B) . A time- 
123
of the transporter and its proton-conducting activity in agroinfiltrated leaves.
124
We conducted a iTRAQ analysis of non-infiltrated and infiltrated leaf protein extracts to 125 estimate the overall impacts of agroinfiltration and M2 expression on the leaf soluble protein 126 complement (Fig. 1C,D) and to characterize the specific effects of these treatments at the cell- Table S2 ).
160
Stress-related proteins accounted for approximately two thirds of the upregulated proteins ( 
165
nuclear genome-encoded ( Fig. 2A, lower panel) .
166
Unlike stress-related proteins, several proteins involved in mRNA translation, photosynthesis
167
and ATP biosynthesis were strongly downregulated in EV-infiltrated leaves (Fig. 2B, upper 
190
M2 Channel Expression Attenuates the Host Plant Response to Agroinfiltration
191
A complementary GO enrichment analysis was performed to characterize eventual interfering
192
effects of M2 expression on host leaf proteome adjustments upon agroinfiltration ( Table S4 ). Likewise,
206
nuclear genome-encoded proteins upregulated in leaves upon EV infiltration including PR
207
proteins, Kunitz protease inhibitors and stress-related oxidoreductases (Supplemental Table S5 ),
208
were found at lower levels in M2-expressing leaves (Fig. 3B) .
209
Venn diagrams were produced, and a principal component analysis (PCA) performed, to
210
visually compare the proteomes of non-infiltrated and infiltrated leaves (Fig. 4, Fig. 5 ). Of the 60 211 most upregulated proteins in EV-infiltrated leaves compared to non-infiltrated leaves, 41 (i.e. 68%)
212
were also upregulated in M2-expressing leaves, including several oxidoreductases, PR proteins
213
(ß-glucosidases, chitinases) and ER stress-associated proteins (chaperones, protein disulfide 
233
Immunoblotting and reverse transcriptase (RT)-qPCR analyses were conducted to statistically confirm the validity of our proteomic inferences and to determine whether proteome changes in 235 leaves upon EV infiltration or M2 ectopic expression were transcriptionally or posttranscriptionally 236 regulated (Fig. 6, Fig. 7 ). In line with the Coomassie blue-stained gels above ( Fig. 1) 
247
showed increased levels in agroinfiltrated leaves (P<0.05) (Fig. 7B) .
248
Gene expression trends for up-and downregulated proteins followed a similar path in 249 agroinfiltrated leaves compared to non-infiltrated leaves but could not explain the distinct 250 accumulation patterns observed for some of these proteins in EV-and M2 vector-infiltrated leaves.
251
For instance, mRNA transcript numbers for the two subunits of Rubisco decreased to similar 252 levels in EV-and M2 vector-infiltrated leaves (Fig. 7A ) but higher levels of both subunits were 253 found in M2-expressing leaves (Fig. 1, Fig. 6A 
258
including ER stress-associated and PR-proteins in agroinfiltrated leaves, by which the steady-259 state levels of these proteins in M2-expressing leaves, albeit greater than in non-infiltrated leaves,
260
were only ~20-70% the levels measured in EV-infiltrated leaves ( 
289
We characterized soluble protein profiles in the apoplast of non-infiltrated, EV-infiltrated and
290
M2-expressing leaves to document the eventual impact of M2 on protein secretion (Fig. 8) .
291
Agroinfiltration was shown previously to trigger a strong upregulation of defense protein secretion 
299
protein antibodies (Fig. 6B) . In line with iTRAQ and immunodetection data (Fig. 3B, Fig. 6B ), the 300 major band at 34 kDa was found in M2-expressing leaves at levels about half the corresponding PAGE 11 levels in EV-infiltrated leaves (Fig. 8B ) despite similar numbers of mRNA transcripts for 302 endochitinase A in leaves under either treatment (Fig. 7) . A post-transcriptional mitigating effect 303 of M2 on protein release in the apoplast was further substantiated with GFP variant pHluorin as 304 a recombinant protein model (Fig. 8C) . We recently reported a positive effect of M2 on pHluorin 
340
MATERIALS AND METHODS
341
Transgene Constructs
342
Transgene constructs for pHluorin, M2 proton channel and M2 inactive mutant A30P M2 were used 
412
The pre-column was switched online to a self-made 50 cm x 75 µm internal diameter separation was considered as underexpressed when a ratio value of 0.5, or lower than 0.5, was calculated 438 compared to the control; or as overexpressed when this ratio was equal to, or higher than, 2.0.
439
BLAST Searches and GO Enrichment Analyses
440
The BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and Blast2GO (https://www.blast2go.com)
441
( 
445
A minimal E-value of 1 was set in Blast2GO for the BLASTP analysis, and the first 20 BLAST hits Table S1 ). The PCA was performed on log-normalized data using the R software, 457 v. 1.1.423 (R-Studio, www.rstudio.com). Graphical visualization of the PCA data was generated
458
with the ggbiplot package.
459
Immunoblotting and Protein Quantitation by Densitometry
PAGE 16
Rubisco large (RbcL) and small (RbcS) subunits, PR-2 proteins and PR-3 proteins were detected 461 by immunoblotting on nitrocellulose sheets following 12% (w/v) SDS-PAGE in reducing conditions.
462
Rubisco subunits were detected with polyclonal IgG raised in rabbits against RbcL (Agrisera, Prod. Table S6 The 100 most abundant proteins in non-infiltrated leaves 532 Table S7 The 100 most abundant proteins in EV-infiltrated leaves 533 Table S8 The 100 most abundant proteins in M2-channel expressing leaves 534 
826
PR protein isoforms immunodetected above with anti-PR-2 and anti-PR-3 antibodies (Fig. 6B) . 
835
Each bar is the mean of three biological (plant) replicates ± SE.
